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T Llenn wymMonoaaBneHus

mil U
XopOLuee lwyMmornoaaBiaeHnNe noBblWAET CTEMEHDb CKATUA.

Average bitrate, same quality,
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MsU  |Alparysoft 2d “tHE fISH" | Dynamic | Noise Smart flaXen Video MNeat AAE
Denoiser | Denoise | cleaner |Denoiser | Moise |Reduction|Smoother|VHS Filter| DeNoise | Video internal
Average Bitrate Ratio| 98,86% | 102,90% | 122,80% | 116,43% | 123,00% | 118,13% | 121,53% | 108,70% | 126,93% | 102,10% | 168,93%

«YUVSoft Video Denoiser Comparison», 2007
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o

L
YBenuumpaeTca U cybbekKTMBHOE KauecTBO M306paxeHus:

«YUVSoft Video Denoiser Comparison», 2007
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h L , Knaccudukauus anroputmos

mil U
Tpu BMOQ anropuTMOB:

* BpeMeHHble — ycpegHeHue TeKyLwero kaapa ¢
npeabioywmmMm unm nocnenyowmmm

* [poCTpaHCTBEHHbIE — yCpeaHeHMe TeKkyLen 06nacTu
(NMKcenq) Kkaapa C ero OKpy>KeHUeMm

* [lpoCTpaHCTBEHHO-BpEMEHHbIE — Hanbonee
3pPeKkTUBHbIE, coveTatoT 0ba noaxona
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a
[TochegHue oOCTUXKEHUS OCHOBAHbI Ha:

s (Gaussian Scale Mixtures

\ L . [TlocnegHMe OOCTUXKEeHUS

s Bilaterial filtering
s NLM
s |earned Dictionaries
s K-SVD
s K-LLD
s YacToTHaa puabTpaums
s  Markov Random Field

«BM3D Image Denoising with Shape-Adaptive Principal Component Analysis» (2009)
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A L ., STVF: onpeaenexHue wyma

mll i
ANropuMT™M NoaaBnseT Kak 6enbin, Tak U UMNYJIbCHbIN LWYM:

Xi-ltj

i,j iyj-l isj i,j+1

XT+ 1)

[Iukcenb noBpeXxaeH MMMYAbCHLIM LWWYMOM, €C/IN OH
0OCTaTO4HO (bonble, 4eM Ha T4) OTAMYAETCS OT KaX4oro m3

NaTM CBOMX COCenen.
«A novel content-adaptive video denoising filter» (ICASSP 2005)
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[MogaBneHne UMNyNbCHOrO WyMa:

Lg,L. . STVF:. dunbtpaumns

_ x'—l,j+xi+1,j+xi,j—1+xi,j+1

[lopasneHne 6enoro wyma:

__x€S

W]

xes

y WhereS:{xl_l’]) xi+1,j’ xi,j_l, xl}]+1 ’ plj}

f (l): Z[T]/SJ—[Z'/SJ

«A novel content-adaptive V|deo denoising filter» (ICASSP 2005)
12

CS MSU Graphics & Media Lab (Video Group)



( g | —/L

Ll
o

GRAPHICS & MEDIA LAB
VIDEO GROUP

‘-&;L- . STVF: perynapusaums

L
HoBoBBeaeHMEM CcTana perynapmsaums M3obpaxxeHui:

Vi |( y;—x;)|<T,V x,;marked asimpulsive

xl.].+T2’ yl.j>xl.j+T2

«A novel content-adaptive video denoising filter» (ICASSP 2005)
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‘“ . STVF: pe3ynbtatbl (1)

Average PSNR (dB) of denoised sequences for noise with variance 16

PSNR, dB
43
41
39 7 W
37
Vv
| owpass
35 v “*Median
. V- Weiner
“* Proposed
31
v
29
27
25
Akiyo Coastguard Foreman Mother Silent Stefan
«A novel content-adaptive video denoising filter» (ICASSP 2005)
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«A novel content-adaptive video denoising filter» (ICASSP 2005)
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k\i 2 STVF: pe3ynbTtathbl (3)
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k\i - STVF: pe3ynbtatbl (4)

«A novel content-adaptive video denoising filter» (ICASSP 2005
17
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‘i . STVF: BbiBOAbI

L |
[locTomnHcTBa:;

s (CKOpOCTb (TMHEMNHAs CNOXXHOCTb, OAMH NPOXona)
4 He3aBUCMMOCTb BbIYNUCIEHNM

HepocrtaTku:
s Heo4yeBMOHOCTb 3HAYEHUN T1 1 T,

* [TopaBneHue TONbKO MUKCENbHbIX LUYMOB

«A novel content-adaptive video denoising filter» (ICASSP 2005)
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L |
Ha3oBeM natyeM HEKOTOPbIM BNOK U300paKeHusl.

[lpencTaBuM KaxkKabl NaTy Kagpa Kak TIMHENHYIO
KOMBOUHALMIO M3BECTHbIX NaTyen (aTOMOB) M3 CI0BapA.

B cnosape — nopsaaka 300 aToMoB 6X6 nUKcenen Kaxabln.

«Motion-Estimation-Free Algorithm for Video Denoising» (SPIE 2007)
20
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L\L . K-SVD: cnhoBapb

KauectBo paboTbl anroputMa HanpsaMy 3aBUCUT OT
cnoBapsl.

Heobxoanmo oby4yaTb CNOBapb.

O6yyeHune cnoBaps - dunbTpaums >

«Motion-Estimation-Free Algorithm for Video Denoising» (SPIE 2007)
21
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A L . K-SVD: obyyeHune cnoeap4

N
mll
CMonenupyem usobpaxenue: Y=X+V,V~N(0,07)

BBeneM HekoTopyo GyHKUMIO WTpada:

ol XO=ANY = X[t 2 [De=Ry X[+ 2 1yl

i,jeN i,jeN

710

CMbICn GYHKUMKU WITpada: pe3ynbtaT c1abo oTanyaeTca ot
MCXOOHOIro M306paxeHus, Kaxkabln naty n3obpaxxeHus
(u3BnekaeTcs onepatopom R) npepncrasngercs BEKTOPOM
KO3 (PULUMEHTOB, MPM 3TOM 3TN KOIPPULMNEHTbI Masbl.

«Motion-Estimation-Free Algorithm for Video Denoising» (SPIE 2007)
22
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lg- . K-SVD: dounbtpaumns

L i

[louCK npeacTaBneHuns

>

N3MeHeHne cnoBaps

[Mony4yeHne UTOroBoro U3obpakeHus

i

«Motion-Estimation-Free Algorithm for Video Denoising» (SPIE 2007)
23
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mll i
[1peanonoXxum, 4yto X GUKCUPOBAH.

&, =arg min(|Dx—R, X’E-I—u lex],)

onga MuHuMmn3auunm bygem ncnonbzoBate OMP-anropmtm
* [lyctb d — cnoBapsb, r — packnagbiBaeMbli BEKTOP

* Haiizem aToM ¢ Hanbonblieit Koppensumet: k=argmax|d; r|
* BbluTeM NOMYYEHHYIO BEJIMUYMHY U3 T

* [loBTOPpUM Onepaumio 4OCTAaTOUYHOE YMNC/IO Pa3

«Motion-Estimation-Free Algorithm for Video Denoising» (SPIE 2007)
CS MSU Graphics & Media Lab (Video Group) 24
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L K-SVD: usmeHeHue cnopapa

[lob6aBmM B CIOBapb TO NPeACTABNEHME KAXXA0ro nNaTya,
KOTOpPOE Mbl MOJIY4YMU/IN HA NpeabIAYLLEM STAnNE.

D=DUDuw;onne6cexi, j

«Motion-Estimation-Free Algorithm for Video Denoising» (SPIE 2007)
25
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K-SVD: nonyyeHue &

L\L . Pe€3ynbTaTa
mll
[lna nony4yeHUa UTOroBOro pesysbTaTta Nocse HeCKONbKUX
nTepaumMn MMHUMU3UPYEM Cneayowmm GYHKLUMOHAN, ucxons
M3 NPearnonoXeHuns, YTo Pa3fioXKeHUa ONa KaXxaoro nartya
(OUKCUPOBAHDI.

X=arg m;n (A X — Y\\§+Z |D 0~ R, XHi)

L

«Motion-Estimation-Free Algorithm for Video Denoising» (SPIE 2007)
26
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h L 1 5D K-SVD: pacwmpeHune gna snaeo

mil U
* IaMeHeHne pyHKUuMK WTpada:

t+At t+At

ftv?dfot<{0‘gk}yk’XwDt):A”XwYtnz"' Z Z I“lijk|0(ijk|o+ Z Z ”DtO(ijk_Riijuz

i,jEQ k=t—At i,JEQ k=t—At

= CnoBapb /19 TEKYLLEro Kajpa 0yaeT noxoX Ha CoBapb
0Na npenblaywero

* icnonb3oBaHMe TpexMepHbIX aTOMOB (6xX6X5 nukcenein)

«Motion-Estimation-Free Algorithm for Video Denoising» (SPIE 2007)
27
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k_ g 3D K-5VD: pesynbrathl (1)

alll U

PSNR, dB Comparison of the denoising results

- K-SVD

~=SW3D
V"NonLocal Means
“* Proposed

5 10 15 20 25 30 35 40 50

Noise Sigma

«Motion-Estimation-Free Algorithm for Video Denoising» (SPIE 2007)
28
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. 3D K-SVD: pesynbTathl (2)
L |

Source Noisy Filtered

«Motion-Estimation-Free Algorithm for Video Denoising» (SPIE 2007)

CS MSU Graphics & Media Lab (Video Group) 29
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g 3D K-5VD: pesynbTtathl (3)

L |

Source Noisy Filtered

«Motion-Estimation-Free Algorithm for Video Denoising» (SPIE 2007)

CS MSU Graphics & Media Lab (Video Group) 30
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3D K-SVD: pe3ynbTaTthl (4)
Souc is_y FiItee

ol o Tl

«Motion-Estimation-Free Algorithm for Video Denoising» (SPIE 2007)

CS MSU Graphics & Media Lab (Video Group) 31



5D K-SVD: pe3ynbtaThbl (5)

Source e OISY ___Filtere

. W

------

«Motion-Estimation-Free Algorithm for Video Denoising» (SPIE 2007)
32

CS MSU Graphics & Media Lab (Video Group)



( g | —/L

Ll
o

GRAPHICS & MEDIA LAB
VIDEO GROUP

L . 5D K-SVD: BbIBOAbI

mll
[locTomnHcTBa:;

h

s YcnewHoe noaaBneHne CUNbHbIX LWYMOB

s Bbicokoe cybbekTMBHOE KauyeCTBO M306paxeHus

* banaHC ckOpoCTb/KavyecTBO (4MCN0 UTEepaLLUI)
HepocTtaTku:

* Huskasa ckopocTb paboThl

* Hanuuyme cnoBaps He AOMNYCKAET annapaTHOM
peanunsaumm

«Motion-Estimation-Free Algorithm for Video Denoising» (SPIE 2007)
33
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8 ICTOYHMKM U BMObI LUYMOB
8 Llenn wymononasneHus
s ANropuTMmbl
s Obwme ceeneHms
s STVF
s 3D K-SVD
s« MHMCF
s BM3D-SAPCA

8 33K/I0YEeHne
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LL 1 MHMCF: BBEAEHME
il

byneM ncnonb3oBaTb TONbKO BPEMEHHYHO M3ObITOYHOCTD.

[na Ka)kgon TOUKM HanaeM HeCKOoIbKO COOTBETCTBYHOLWMX

el ToYeK Ha npeaplaywmx Kagpax (Ha3oBeM UX rmnoTesamu
KOMMEeHCcaLumn).

YcpeaHUM 3HaYeHUs TMNOTE3 MEX Y COOOoMN.

«A multihypothesis motion-compensated temporal filter for video denoising» (ICIP 2006)
CS MSU Graphics & Media Lab (Video Group) 35
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LL . MHMCF: Mmoaoenb curHana

mll
bynem ncnonb3oBaTh Cneayouyo MOAENb CUTHANA:

s Sp — TEKYWMMN NMUKCENb M300paXKeHMUS]

= /; — OlUMOKa, BO3HMKLLIAA M3-3a CMELLEHNSA 0ObEKTOB M
HeBepHOM KOMMNEeHCaAUMN OBUKEHUS

» (; — rMnoTe3bl KOMNEHCAUMM ANa Sy

*N; — wyM, KOTOpbIX Mbl XOTUM MOAABUTD

“C'=C +N,
'50'=50+N0

«A multihypothesis motion-compensated temporal filter for video denoising» (ICIP 2006)
36
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L MHMCF: dunbTpauus (1)

OneHuM TEKYIIUM Kajp :

?:ﬁso+z+]_\7,where Y/:[SO',CI e H=[1,1...1]

§0=Z_§ 17+d,whered:EZn

ITocTapaemcss MUHMMU3UPOBATh PA3HULLY MEXIY S, U S,
OCHOBBIBAsICh HA METO/I€ HAMMEHBIIIUX KBAJIPaTOB.
Onenum BexkTOp B,

B=(H"(Cov(Z+N)""H) " "H (Cov(Z+N))"

W 3Hauenue d:
d=—BZ

«A multihypothesis motion-compensated temporal filter for video denoising» (ICIP 2006)
37
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MHMCF: punbtpauyma (2)

= b

where U;(u)is the variance of (z,+n,)

2 2
p(u)_UZ(u)+Uu

«A multihypothesis motion-compensated temporal filter for video denoising» (ICIP 2006)
38
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LL . MHMCF: oueHka napaMeTpoB

mil U
Heobx0AMMO OLEHWUTb 3HAYEHUA T O ), Z

u L]

2 o
0, — CpefHee 3HavyeHne 10 MMHUMANbHBIX gUCNepcui
onokoB 16x16

Zyu> O p(u): BO3bMEM Kaap M3 LUYMOB KOMMEHCcaLuu
nBuxeHus. Hanoem 610K, KOTOpbIA COOTBETCTBYET z,,.

2 2
NocunTtaem cpepHee bnoka (z,) u pmcnepcuto d =0, ,+07

[loacTtaBuB 3Ha4eHu4d, NoJ1Iy4nM Kaap, OYULLLEHHbIX OT LLYMaA.

«A multihypothesis motion-compensated temporal filter for video denoising» (ICIP 2006)

CS MSU Graphics & Media Lab (Video Group) 39
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PSNR (dB)

43
41
39
37
35
33
31
29
27

25
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MHMCF: pe3ynbtaTthbl (1)

Average PSNR (db) for Akiyo sequence

¥ Unfiltered

~*-Joint Kalman-Weiner
V" One Hypothesis

¥V = Two Hypotheses

*= Three Hypotheses

Noise sigma

«A multihypothesis motion-compensated temporal filter for video denoising» (ICIP 2006)
40
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Original
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. MHMCF: pe3ynbTaThbl (3)

A\
§

One Hypothesis

CS MSU Graphics & Media Lab (Video Group)

Two Hypotheses

42
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‘&Ll . MHMCF: BbiBO4bl

L |
[locTomnHcTBa:;

s BblCOKas CKOPOCTb

s banaHcuMpoBaHMe Mexay CKOPOCTb M Ka4yeCTBOM
Hepoctatku:

* TpeboBaHMe XOpoLIen KOMNEHCALMN OBUKEHMUS

* Heobxo0AMMOCTb TOYHOM OLLEHKM NapaMeTpoB

«A multihypothesis motion-compensated temporal filter for video denoising» (ICIP 2006)
43
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* BeepneHune
8 ICTOYHMKM U BMObI LUYMOB
8 Llenn wymononasneHus
s ANropuTMmbl
s Obwume cBeneHns
s STVF
s 3D K-SVD
s MHMCF
s BM3D-SAPCA
# 3aKnoyeHune

CS MSU Graphics & Media Lab (Video Group)
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¢ . BM3D: cxema anroputma (1)

L |
Noisy | 1
image | | Shape-adaptive
- srouping *| Collaborative
Obtain shape filtering
by 8-directional :
LPA-ICI 3-D transform Aggregatimn‘
Find simlar Shrinkage | l
blocks by Inverse 3-D | .
block-matching transform | DE .Ez g:d

«BM3D Image Denoising with Shape-Adaptive Principal Component Analysis» (2009)
45
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‘“ , BM3D: cxema anroputma (2)

W. e mEmm L m

| Noisy

j image . | Shape-adaptive | -2 -
! grouping = —b———— Collaborative

filtering

Obtain shape
by 8-directional

- |
1 I |
: LPA-ICI i 3-D transform
- Find simlar | Shrinkage
: blocks by ! Inverse 3-D Denoised
| I

block-matching transform image

*» Bo3zbmMeM nukcenb, Bbloenmm
ero okpyxxeHue (Bcero Ny nukcenem)

= Hangem 610KK, Cxoxue co cCbiovHbIM (BCero Ny,)

* ChopMUpyeM TpexMepHbIM MacCUB

«BM3D Image Denoising with Shape-Adaptive Principal Component Analysis» (2009)

CS MSU Graphics & Media Lab (Video Group) 46
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lﬁ,L. , BM3D: cxema anroputma (3)

Noisy i 1
image Shape-adaptive ¥ - -
— grouping — % — | Collaborative |
Obtain shape = - filtering I

by 8-directional [ 3-D transform ‘ !

LPA-ICI : Aggregation i

Find simlar - Shrinkage : |

blocks by 1| Inverse 3-D ! R |
block-matching I transform D.en?k,’ed :

. image |

* [lpuMeHnmM 1D-npeobpazoBaHue (oekoMnosmumio Xaapa)
neprneHanKynsSpHO NNOCKOCTU BIOKOB

* BoinonHnM cnoxeHue cnoes (GunbTp BuHHEpPA)
* BoinonHnM obpatHoe npeobpazoBaHue
* 3anuLIeM nonyvyeHHoe ulobpaxkeHne B pesynbTar

«BM3D Image Denoising with Shape-Adaptive Principal Component Analysis» (2009)
47
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‘k . SAPCA: pacwmpenvne BM3D ™

a
image | | Shape-adaptive
_ grouping = Collaborative
Obtain shape P o o 1 1 filtering
by 8-directional | ¥ jhtain PCAI ) ‘ !
LPA-ICI I © dﬁ;;is F 3D tT-ansform Aggregation
Find simlar I — -I. Shrinkage i
blocks by Inverse 3-D E
block-matching transform ; Dﬁﬁf;gsd
[locne noncka 6710KOB:
N
br
“ ~~ =T BbINOJHNUM 06bI4YHYI0 HUNLTPALMIO
el
N
a

~>T: BbINONHMM Space-Adaptive dunbTpaumio

el

«BM3D Image Denoising with Shape-Adaptive Principal Component Analysis» (2009)
48
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k L . SAPCA: cxeMa anroputMma

mll
= Ha Bxone — Ny, HabopoB nukcenen

s [IpepactaBum Kaxkabi Habop Kak ctonbew, (v;) us N,

nuKkcenen

s C=[v, vy vy v v, var]T—Mampuua 8MOPLIX MOMEHNOB

sy CU=S= diag(sljsz’ ey S Nd), 20e U —opmoHopMuposantas mampuyd

s S; — OTCOPTUPOBAHHbIE COOCTBEHHbIE 3HAYEHMUA MATPULLbI

= [Ina nekomMnosunuum BosbMeM nepeble N, cTonbuos U
N _|{Si|Si>2\O'2}‘

trim~

«BM3D Image Denoising with Shape-Adaptive Principal Component Analysis» (2009)
49
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A
PSNR (dB) Test Results for Lena (512x512) image

38
33

28

| ena (Unfiltered)

23 *=Lena (Filtered)

18

13

Noise Sigma

«BM3D Image Denoising with Shape-Adaptive Principal Component Analysis» (2009)
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BM3D-SAPCA: pe3ynbTathbl (35) ~

Noisy (0 = 100)
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LL . BM3D-SAPCA: BbiBOObl

mll
[locTomnHcTBa:;

s Bpicokmnn nokasatenb PSNR Ha BCeBO3MOXXHbIX
YPOBHSIX LWWYyMa

*» B0O3MOXHOCTb UTEPMPOBAHUS NS NOBbILLEHUS
KayecTBa

HepnocTtatKku:

s Ckopoctb (Pentium 2GHz, Matlab, 4 MUHYTBI Ha
n3obpaxeHme 256x256)

s ApTedakTbl MPU CUIbHbBIX LWYMaX

«BM3D Image Denoising with Shape-Adaptive Principal Component Analysis» (2009)
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* BeepneHune
8 ICTOYHMKM U BMObI LUYMOB
8 Llenn wymononasneHus
s ANropuTMmbl
s Obwume cBeneHns
s STVF
s 3D K-SVD
s MHMCF
s BM3D-SAPCA
s 3aK/lloyeHue
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* CylecTByeT MHOI0O pa3iMyHbIX NOAX0A0B K MOCTaBEHHOM
3da4ye

* BONbWMHCTBO METOA0B A0NYCKAOT BanaHc Mexnay
KQuyeCTBOM M CKOPOCTbHO

* CaMbIM pe3ynbTaTUBHLIM (0ObEKTUBHO) SIBNSETCS
nocnegHum MeTop,

» CaMbIM pe3ynbTaTUBHbLIM (CYyObEKTMBHO) ABNSETCS METOL
CO C/IoBapem
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L , CMUCOK NnTEepaTypbl

1. Liwei Guo, Oscar C. Au, Mengyao Ma, Zhigin Liang, Carman K.M. Yuk

«A multihypothesis motion-compensated temporal filter for video
denoising» (/CIP 2006)

2. «YUVsoft Video Denoiser Comparison» (2007)

3. Kostadin Dabov, Alessandro Foi, Vladimir Katkovnik, and Karen Egiazarian
«BM3D Image Denoising with Shape-Adaptive Principal Component
Analysis» (2009)

4. Matan Protter, Michael Elad «Sparse and Redundant Representations and
Motion-Estimation-Free Algorithm for Video Denoising» (SPIE 2007)

5. Tai-Wai Chan, Oscar C. Au, Tak-Song Chong, Wing-San Chau «A novel
content-adaptive video denoising filter» (/CASSP 2005)

b
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